Circuit system and method for data transmission between 

LPC devices 

BACKGROUND OF THE INVENTION 

L Field of the Invention 

The present invention generally relates to a Low Pin Count (to be 
abbreviated as LPC hereinafter) device and a method thereof, and more 
particularly, to a circuit system and a method for data transmission between 
LPC devices, in which there is an address register installed either in an 
LPC host controller connected to each LPC device through a respective 
LPC bus or in each LPC device so that the LPC devices can communicate 
according to the LPC interface specification. 

2. Description of the Prior Art 

With the rapid development in the information industry, people have 
increasing needs for a higher operation speed as well as a higher data 
transmission rate of information products. The conventional ISA (Industry 
Standard Architecture) interface is too slow to support the data flow 
according to the modern electronics products. More particularly, the ISA 
interface works under the clock frequency of 8 MHz and the number of 
required pins is 60, which may occupy lots of space and increase the 
fabrication cost of the socket. Therefore, a new Low Pin Count (LPC) 
interface is proposed to work under the clock frequency of 33 MHz, which 
leads to a much higher transmission efficiency, and require only less than 
10 pins, which significantly reduce the fabrication cost of the socket. Hence, 
the LPC interface has received considerable attention. 

The circuit system diagram of a conventional LPC circuit system is as 
shown in FIG. 1, which comprises: an LPC host controller 12, a master 
LPC device 14, and a slave LPC device 16, wherein the master LPC device 
14 and the slave LPC device 16 are connected to the LPC host controller 12 
through an LPC bus 18. 

According to the LPC interface specification, every cycle of 
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transaction is started and ended by the LPC host controller. Therefore, in 
the circuit system described above, data transmission is only performed 
either between the LPC host controller 12 and the master LPC device 14 or 
between the LPC host controller 12 and the slave LPC device 16, as shown 
5 in FIG. 2 A and FIG. 2B. FIG. 2 A shows the typical timing diagram for the 
read cycles of the master device, in which LFRAME# is one control line 
used by the host controller to indicate the start of cycles and the termination 
of cycles due to an abort or time-out condition. At the beginning of a read 
cycle, LFRAME# is only normally active at the start of a cycle and the LPC 
10 host controller (H) drives a START value on LAD[3:0]. Later, the active 
device is turned around (TAR) to become the master LPC device (M), 
which then determines the cycle type and the direction (CYCTYPE+DIR) 
H as a read cycle. Then the address (ADDR) and the size (SIZE) of the data 

]% are determined. Later, the active device is turned around (TAR) again to 
*0 15 become the LPC host controller (H), which drives a SYNC signal, and 
% responds the data according to the read request of the master LPC device, 
III and then terminate the cycle by an action of turning-around. 

U FIG. 2B shows the typical timing diagram for the write cycles of the 

|i| slave device. At the beginning of a write cycle, the LPC host controller (H) 
20 drives a START value on LAD[3:0] and then determines the cycle type and 
p the direction (CYCTYPE+DIR) as a write cycle, and further transmits the 
lu target address (ADDR) and the data to be written (DATA). Later, the active 
device is turned around (TAR) to become the slave LPC device (S), which 
drives a SYNC signal, and writes the data to the address according to the 
25 request of the LPC host controller. Finally, turn the bus around to the LPC 
host controller and terminate the cycle (TAR). 

Accordingly, there is no transaction between the master LPC device 
14 and the slave LPC device 16. It is a waste of resources that there is no 
data transmission between devices in the same system. Therefore, there is 
30 need in providing a circuit system and method for data transmission 
between LPC devices so as to simplify the transmission process and 
increase the transmission efficiency. 

SUMMARY OF THE INVENTION 
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Accordingly, it is the primary object of the present invention to 
provide a circuit system for data transmission between LPC devices, in 
which there is an LPC host controller connected to each LPC device 
through a respective LPC bus so that the LPC devices can communicate 
5 according to the LPC interface specification. 

It is another object of the present invention to provide a circuit 
system and method for data transmission between LPC devices, in which 
there is an address register installed in an LPC host controller so that the 
address of the data to be transmitted is recorded so as to identify the correct 
10 data and the transmission direction. 

It is still another object of the present invention to provide a circuit 
system and a method for data transmission between LPC devices, in which 
there is an address register install in each of the host controller and the LPC 
devices so that the address of the data to be transmitted is recorded so as to 
15 identify the correct data and the transmission direction when only one LPC 
bus is employed. 

It is still another object of the present invention to provide a circuit 
system and a method for data transmission between LPC devices, in which 
data transmission between LPC devices is completed within two cycles. 



Ill 20 In order to achieve the foregoing objects, the present invention 

provides a circuit system for data transmission between LPC devices, 
comprising: a first LPC bus, connected to a first LPC device; a second LPC 
bus, connected to a second LPC device; and an LPC host controller, able to 
drive the first LPC device through the first LPC bus and the second LPC 
25 device through the second LPC bus; wherein the LPC host controller 
further comprises an address register. 

The present invention further provides a method for data 
transmission between LPC devices, comprising the steps of: starting a first 
cycle through a first LPC bus by an LPC host controller, wherein a first 
30 LPC device sends a request to have a transaction with a second LPC device, 
and inserting a plurality of wait states after the request is received by the 
LPC host controller; and starting a second cycle through a second LPC bus 
by the LPC host controller, wherein the LPC host controller has a 



transaction with the second LPC device according to the request from the 
first LPC device. 



Other and further features, advantages and benefits of the invention 
will become apparent in the following description taken in conjunction 

5 with the following drawings. It is to be understood that the foregoing 
general description and following detailed description are exemplary and 
explanatory but are not to be restrictive of the invention. The 
accompanying drawings are incorporated in and constitute a part of this 
application and, together with the description, serve to explain the 

10 principles of the invention in general terms. Like numerals refer to like 
parts throughout the disclosure. 

M BRIEF DESCRIPTION OF THE DRAWINGS 

ii 
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ifl The objects, spirits and advantages of the preferred embodiments of 

52 the present invention will be readily understood by the accompanying 

in 15 drawings and detailed descriptions, wherein: 

Q 

]^ FIG. 1 is a block circuit system diagram showing the LPC circuit 

juj system in accordance with the prior art; 

fi 

IS FIG. 2A and FIG. 2B show the typical timing diagrams for the read 

jil cycle of the master device and the write cycle of the slave device, 

20 respectively, in accordance with the prior art; 

FIG. 3 is a block circuit system diagram showing the LPC circuit 
system in accordance with one embodiment of the present invention; 

FIG. 4 shows the timing diagram for the read cycles of the master 
device to read data from the slave device in accordance with the 
25 embodiment in FIG. 3 of the present invention; 

FIG. 5 shows the timing diagram for the write cycles of the master 
device to write data into the slave device in accordance with the 
embodiment in FIG. 3 of the present invention; 

FIG. 6 is a block circuit system diagram showing the LPC circuit 
30 system in accordance with another embodiment of the present invention; 
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FIG. 7 shows the timing diagram for the read cycles of the master 
device to read data from the slave device in accordance with the 
embodiment in FIG. 6 of the present invention; and 

FIG. 8 shows the timing diagram for the write cycles of the master 
5 device to write data into the slave device in accordance with the 
embodiment in FIG. 6 of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention providing a circuit system and a method for 
data transmission between LPC devices can be exemplified by the preferred 
10 embodiments as described hereinafter. 

sr'x. 

3 To start with, please refer to FIG. 3, which is a block circuit system 

t diagram showing the LPC circuit system in accordance with one 

IB embodiment of the present invention. As shown in the figure, the circuit 

jy system configuration comprises: a first LPC bus 28, connected to a master 

0 15 LPC device 24; a second LPC bus 29, connected to a slave LPC device 26; 
] n and an LPC host controller 22, able to drive the master LPC device 24 

Sis* 

Ui through the first LPC bus 28 and the slave LPC device 26 through the 
second LPC bus 29; wherein the LPC host controller 22 further comprises 

13 an address register 225. 

1 y 

20 According to the LPC interface specification, each read/write cycle is 

started at the LPC host controller 22 and then is ended at the LPC host 
controller 22. Therefore, data transmission cannot be performed between 
LPC devices. In the circuit system disclosed in the present invention, a 
plurality if LPC buses connected to the respective LPC devices are 

25 employed to make data transmission between LPC devices possible. 

Please refer to FIG. 4, which shows the timing diagram for the read 
cycles of the master device to read data from the slave device in accordance 
with the embodiment in FIG. 3 of the present invention. The timing 
diagram includes two cycles. At the beginning of the read cycle, a first 
30 cycle is started on the first LPC bus through the control line LFRAME1 by 
the LPC host controller (H). The LPC host controller (H) drives a START 
value on signal lines LAD 1 [3:0], which communicate address, control, and 

5 



data information over the first LPC bus between a host and a peripheral. 
Later, the active device is turned around (TAR) to become the master LPC 
device (M), which then determines the cycle type and the direction 
(CYCTYPE+DIR) as a read cycle during which the data from the slave 
5 device is read. Then the address (ADDR) and the size (SIZE) of the data 
are determined. Later, the active device is turned around (TAR) again to 
become the LPC host controller (H), which drives a SYNC signal that is 
inserted with a plurality of wait states. While the reading request from the 
master LPC device is received by the LPC host controller, the address of 
10 the data to be read is recorded in the address register of the LPC host 
controller. 

Meanwhile, according to the reading request from the master LPC 
h device, a second cycle is started on the second LPC bus through the control 

2 line LFRAME2 by the LPC host controller (H). The LPC host controller (H) 

jig 15 drives a START value on LAD2[3:0] , which communicate address, control, 
and data information over the second LPC bus between a host and a 

lil 

p peripheral, and then determines the cycle type and the direction 

\ w (CYCTYPE+DIR) as a read cycle during which the data from the slave 

y device is read. Then the address (ADDR) and the size (SIZE) of the data 

^ 20 are determined to be the same as those for the reading request transmitted 
q from the master LPC device to the LPC host controller. Later, the active 
iU device is turned around (TAR) to become the slave LPC device (S), which 
drives a SYNC signal and responds the data to be read to the LPC host 
controller. Then the active device is turned around to become the LPC host 
25 controller (TAR), and the cycle on the second LPC bus is terminated. 

Meanwhile, the LPC host controller stops inserting the first LPC bus 
with wait states. Since the address register installed in the LPC host 
controller records the address of the data requested by the master LPC 
device, that the LPC host controller can identify the data from the slave 

30 LPC device and responds the data to the master LPC device. Then the cycle 
on the first LPC bus is terminated by an action of turning around and the 
data is transmitted from the slave LPC device to the master LPC device.On 
the other hand, as shown in FIG. 5, which shows the timing diagram for the 
write cycles of the master device to write data into the slave device in 

35 accordance with the embodiment in FIG. 3 of the present invention. The 



timing diagram includes two cycles. At the beginning of the write cycle, a 
first cycle is started on the first LPC bus through LFRAME1 by the LPC 
host controller (H). The LPC host controller (H) drives a START value on 
LAD 1 [3:0]. Later, the active device is turned around (TAR) to become the 

5 master LPC device (M), which then determines the cycle type and the 
direction (CYCTYPE+DIR) as a write cycle during which the data is 
written into the slave device. Then the address (ADDR), the size (SIZE) 
and the data (DATA) are determined. Later, the active device is turned 
around (TAR) again to become the LPC host controller (H), which drives a 

10 SYNC signal that is inserted with a plurality of wait states. 

Meanwhile, according to the writing request from the master LPC 
device, a second cycle is started on the second LPC bus through 
55 LFRAME2 by the LPC host controller (H). The LPC host controller (H) 
13 drives a START value on LAD2[3:0] and then determines the cycle type 
iJJ 15 and the direction (CYCTYPE+DIR) as a write cycle during which the data 
|H is written into the slave device. Then the address (ADDR) and the data 
(DATA) are determined to be the same as those for the data transmitted 
s from the master LPC device to the LPC host controller. Later, the active 

j j device is turned around (TAR) to become the slave LPC device (S), which 
1^ 20 drives a SYNC signal and complete the action of data writing. Then the 
p active device is turned around (TAR) again to become the LPC host 
ill controller, and the cycle on the second LPC bus is terminated. 

Meanwhile, the LPC host controller stops inserting the first LPC bus 
with wait states. The cycle on the first LPC bus is terminated by an action 
25 of turning around (TAR) and the data is transmitted from the slave LPC 
device to the master LPC device. 

Accordingly, a plurality of LPC buses can employed to achieve data 
transmission between LPC devices according to the LPC interface 
specification. 

30 Secondly, please refer to FIG. 6, which is a block circuit system 

diagram showing the LPC circuit system in accordance with another 
embodiment of the present invention. As shown in the figure, the circuit 
system configuration comprises: an LPC bus 38; a master device 34 
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connected to the LPC bus 38; at least one slave LPC devices such as a first 
slave LPC device 36 and a second slave LPC device 37 connected to the 
LPC bus 38; and an LPC host controller 32, able to drive the master LPC 
device 34 and the slave devices 36 and 37 through the LPC bus 38; wherein 
5 each of the LPC host controller 32 and the master LPC device 34 comprises 
an address register 325 and 345. 

In the present embodiment, all the LPC devices are connected to a 
LPC bus. In order to identify the directions for the data transmission, there 
is an address register installed in each of the LPC host controller and the 
10 LPC devices so that data transmission between LPC devices can be 
achieved in order. 

j!: Please refer to FIG. 7, which shows the timing diagram for the read 

13 cycles of the master device to read data from the slave device in accordance 
:JJ with the embodiment in FIG. 6 of the present invention. As shown in the 
111 15 timing diagram, a first cycle is started through the control line LFRAME# 
HI by the LPC host controller (H). The LPC host controller (H) drives a 
START value on signal lines LAD[3:0], which communicate address, 
It control, and data information over the first LPC bus between a host and a 
j* peripheral. Later, the active device is turned around (TAR) to become the 
!;* 20 master LPC device (M), which then determines the cycle type and the 
ill direction (CYCTYPE+DIR) as a read cycle during which the data from the 
first slave device is read. Then the address (ADDR) and the size (SIZE) of 
the data are determined. Meanwhile, the address of the data is also recorded 
in the address register of the master LPC device. Later, the active device is 
25 turned around (TAR) again to become the LPC host controller (H), which 
drives a SYNC signal and then terminates the first cycle by an action of 
turning around (TAR) after responding an arbitrary data (DATA) in 
response to the reading request from the master LPC device. While the 
reading request from the master LPC device is received by the LPC host 
30 controller, the address of the data to be read is recorded in the address 
register of the LPC host controller. 

According to the LPC interface specification, the LPC host controller 
must response a data in response to the reading request from the master 
LPC device; otherwise, mal-fimction may occur without a proper response. 
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When the LPC host controller cannot response the master LPC device with 
the data requested, the LPC host controller may respond an arbitrary data. 
The master LPC device can determine whether the data is the requested one 
according to the address recorded by the address register. 

Meanwhile, according to the reading request from the master LPC 
device, a second cycle is started through LFRAME# by the LPC host 
controller (H). The LPC host controller (H) drives a START value on 
LAD[3:0] and then determines the cycle type and the direction 
(CYCTYPE+DIR) as a read cycle during which the data from the first slave 
device is read. Then the address (ADDR) of the data is determined to be the 
same as that for the data transmitted from the master LPC device to the 
LPC host controller. Later, the active device is turned around (TAR) to 
become the first slave LPC device (S), which drives a SYNC signal and 
responds the data (DATA) to be read to the LPC host controller. Then the 
active device is turned around (TAR) to become the LPC host controller, 
and the second cycle is terminate. By monitoring the data transmitted from 
the slave LPC device through the LPC bus, the master LPC device 
identifies and obtains the data to be read according to the address of the 
data recorded in the address register of the master LPC device. 

On the other hand, Please refer to FIG. 8, which shows the timing 
diagram for the write cycles of the master device to write data into the slave 
device in accordance with the embodiment in FIG. 6 of the present 
invention. As shown in the timing diagram, a first cycle is started through 
LFRAME# by the LPC host controller (H). The LPC host controller (H) 
drives a START value on LAD[3:0]. Later, the active device is turned 
around (TAR) to become the master LPC device (M), which then 
determines the cycle type and the direction (CYCTYPE+DIR) as a write 
cycle during which the data is written into the first slave device. Then the 
address (ADDR), the size (SIZE) and the data (DATA) are determined. 
Later, the active device is turned around (TAR) again to become the LPC 
host controller (H), which drives a SYNC signal in response to the master 
LPC device and then terminate the first cycle (TAR). 

Meanwhile, according to the writing request from the master LPC 
device, a second cycle is started through LFRAME# by the LPC host 



controller (H). The LPC host controller (H) drives a START value on 
LAD[3:0] and then determines the cycle type and the direction 
(CYCTYPE+DIR) as a write cycle during which the data is written into the 
slave device. Then the address (ADDR) and the data (DATA) are 
determined to be the same as those for the data transmitted from the master 
LPC device to the LPC host controller. Later, the active device is turned 
around (TAR) to become the first slave LPC device (S), which drives a 
SYNC signal in response to the LPC host controller and completes writing 
the data. Then the active device is turned around (TAR) to become the LPC 
host controller, and the second cycle Is terminated. 

Therefore, the present invention employs two simplified read/write 
cycles and an address register installed in each of the LPC host controller 
and the LPC devices so as to achieve data transmission between LPC 
devices. 

According to the above discussion, it is apparent that the present 
invention discloses a circuit system and a method for data transmission 
between LPC devices, in which there is an address register installed either 
in an LPC host controller connected to each LPC device through a 
respective LPC bus or in each LPC device so that the LPC devices can 
communicate according to the LPC interface specification. Therefore, the 
present invention has been examined to be progressive, advantageous and 
applicable to the industry. 

Although this invention has been disclosed and illustrated with 
reference to particular embodiments, the principles involved are susceptible 
for use in numerous other embodiments that will be apparent to persons 
skilled in the art. This invention is, therefore, to be limited only as 
indicated by the scope of the appended claims. 
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